species is available to date. Conclusions: To our knowledge, this is the first genome sequence for a camptothecin-producing 33 species, and access to the C. acuminata genome will permit not only discovery of genes 34 encoding the camptothecin biosynthetic pathway but also reagents that can be used for acuminata and Ophiorrhiza pumila (e.g., [4] [5] [6] ), no genome sequence for a camptothecin-53 producing species is available to date. We report on the assembly and annotation of the C. 54 acuminata genome, the characterization of genes implicated in camptothecin biosynthesis, and 55 highlight the complexity of the gene complement in this species.
56
RNA isolation, library construction, sequencing, and transcriptome assembly 57 4 Transcriptome assemblies were constructed using nine developmental RNA-sequencing (RNA-58 seq) datasets described in a previous study [4] (Table   90 1) were used to generate an initial assembly of 403.2 Mb with an N50 contig size of 108 kbp 91 and an N50 scaffold size of 1,752 kbp (Tables 1 and 2) . Gaps (5,076) in this initial assembly were 92 filled using SOAP GapCloser (v1.12r6) [16] with four independent paired-end libraries (352, 429, 93 585, and 609 bp inserts, 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 Table S2 ). Interestingly, C. acuminata contains the least 156 number of singleton genes (7,177) among the six species, and gene ontology analysis 157 demonstrated that these genes were highly enriched in "transport", "response to stress", and 158 "other cellular and biological processes" (p < 0.0001, χ 2 test) while dramatically under-159 represented in "unknown biological processes" (p < 0.0001, χ 2 test), suggesting these genes 160 may be involved in stress responses and other processes specific to C. acuminata.
161
Candidate genes in the camptothecin biosynthesis pathway 162   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 While the full camptothecin biosynthetic pathway has yet to be resolved, geranylgeranyl 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 pathway suggesting that access to a high contiguity genome assembly may facilitate discovery 185 of genes involved in specialized metabolism in C. acuminata. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 and their corresponding metabolite data [38], we are now poised to identify and validate genes 206 involved in the biosynthesis of camptothecin.
207
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